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(57) Abstract: A method of reducing scar formation at a wound site includes contacting the wound site with an effective scar re- 
ducing amount of a cross-linked polysaccharide having a positive charge and thereby reducing scar formation as the wound site 
2 heals. Such polysaccharide includes bioabsorbable cross-linked dextrans or alginates. The positive charge may be provided by 
diethylaminoethyl (DEAE) moieties. The cross-linked polysaccharide can be applied to the wound site as a powder or bead. The 
Q cross-linked polysaccharide may also be contained in a composition including a pharmaceutically acceptable vehicle. Biocompatible 
surgical devices are provided with an effective scar reducing amount of a cross-linked polysaccharide having a positive charge which 
reduce scar formation at healing wound sites. A method of reducing TGF-fl activity is also provided. 
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fjCXTl HTCDtJCTION 

jft A fTKCyROUND 

1. T pf>tlTliga1 Field 

This disclosure relates to reduction of scars associated with healing tissue. 
More particularly, wounds are treated with an oxidized cross-linked polysaccharide 
having a chemically induced charge. 

2. Ttarkprnnnd of Related Art 

Dextran is a polysaccharide which is produced from sucrose by bacteria 
belonging to the genera T^uconostoc . Streptococcus and Lactobac i llus , all of which 
belong to the family T jrtnhacillaceae . The majority of known dextrans are formed by 
?T ~;»c t P i r n r ™tnr. mesenteroides . A detailed discussion of dextran is provided in 
the Encyclopedia of Polymer Science and Engineering, Vol. 4, pp. 752 et seq. (1986) 
(John Wiley & Sons), hereby incorporated by reference. Dextran, in which 1-6 
linkages predominate, may be represented as follows: 




Certain dextran derivatives are well known. Dextran which is 
crosslinked with epichlorohydrin is described in U.S. Patent No. 3,042,667 and in 
British Patent No. 1,013,585 and is commercially available under the tradename 
SEPHADEX from Pharmacia Corp., Piscataway, New Jersey. Epichlorohydrin 
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(CH 2 OCHCH 2 Cl) reacts with the pendant hydroxyl groups on dextran to form ether 
bound bridges between dextran chains. 

Various other derivatives of dextran are known. For example, see U.S. Pat. 
Nos. 4,963,666, (ester crosslinking), 4,591,638 (ester crosslinking), 2,988,455 
(oxidized), 4,370,476 (ferric hydroxide complexes), 4,339,360 (activated oxidized) and 
4,308,254 (oxidized support). 

Dextran has been employed in the treatment of wounds. For example, an 
insoluble hydrophilic cross-linked dextran polymer in powder form has been used for 
the debridement of wounds, i.e., the removal of foreign bodies, pus, exudates and 
irrevocably damaged and devitalized tissue from tissue wounds. This dextran polymer, 
which is formed by crosslinking dextran with epichlorohydrin, is applied to heavily 
exudating wounds, allowed to gel and then washed out. The crosslinked dextran, 
commercially known as DEBRISAN®, absorbs the exudates, including the components 
that tend to impede tissue repair. Consequently, this composition promotes wound 
healing by retarding eschar formation and by keeping lesions soft and pliable. 

Dextran derivatives have been used to promote hard tissue growth and repair 
and soft connective tissue growth and repair in mammals as described in U.S. Patent 
Nos. 4,988,358 and 5,092,883, respectively. In one aspect, SEPHADEX, a cross- 
linked dextran available from Pharmacia Corp., (Piscataway, NJ), linked with 
diethylaminoethyl (DEAE) functional groups as a basic anion exchanger is used for 
promoting soft tissue growth and repair by applying an effective quantity thereof to a 
site of tissue defect. The chemically induced surface charges promote soft connective 
tissue formation. In U.S. Patent No. 5,092,883, examples 4 and 5 indicate that 
positively charged DEAE-Sephadex beads are associated with stimulation effect on 
fibroblastic activity and that defects treated with the beads were filled with dense, 
highly cellular soft connective tissue. Wounds with positively charged beads are shown 
to be stronger than control wounds. There is, however, no recognition that scarring, 
which may typically be associated with healing wounds, can be reduced. 
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A scar is the mark left in the skin or an internal organ by new connective tissue 
that replaces tissue which has been injured by, e.g., burn, ulcer, abrasion, incision, etc. 
Scars may be viewed as unsightly defects which can result in psychological discomfort 
of people bearing such scars. As a result, the search for effective scar reducing 
measures has been ongoing. For example, as described in International Application 
No. PCT/GB92/00570, a composition for use in the treatment of wounds to inhibit scar 
tissue formation includes an activity-inhibiting amount of a growth factor neutralizing 
agent. It is therein indicated that TGF-P appears to be highly active in connection with 
organization of collagen leading to the formation of scar tissue. In accordance with 
PCT/GB92/00570, scar tissue formation is reduced by neutralizing TGF-P . 

SUMMARY 

A method of reducing scar formation at a wound site includes contacting the 
wound site with an effective scar reducing amount of a cross-linked polysaccharide 
having a positive charge and thereby reducing scar formation as the wound site heals. 
Such polysaccharide include bioabsorbable cross-linked dextrans or alginates. The 
positive charge may be provided by diethylaminoethyl (DEAE) moieties. The cross- 
linked polysaccharide can be applied to the wound site as a powder or bead. The cross- 
linked polysaccharide may also be contained in a composition including a 
pharmaceutically acceptable vehicle. Biocompatable surgical devices provided with an 
effective scar reducing amount of a cross-linked polysaccharide having a positive 
charge reduce scar formation at healing wound sites. 

A method of reducing the activity of the TGF-p includes applying an effective 
TGF-P activity reducing amount of a cross-linked polysaccharide having a positive 
change to a locus having TFG-P activity. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graphic depiction of wound breaking strength in terms of Newtons 
over time comparing effect of degradable DEAE dextran with a methycellulose control; 

Fig. 2 is a depiction of a control wound site at 28 days post-wounding; 

Fig. 3 is a depiction of a wound site treated with degradable DEAE dextran at 
28 days post-wounding; 

Fig. 4 is a depiction of a control wound site at 7 days post-wounding; 

Fig. 5 is a depiction of a wound site treated with degradable DEAE dextran at 7 
days post-wounding;. 

Fig. 6 is a depiction of a control wound site at 10 days post-wounding; 

Fig. 7 is a depiction of a wound site treated with degradable DEAE dextran at 10 
days post-wounding; 

Fig. 8 is a depiction of a control wound site at 14 days post-wounding; 

Fig. 9 is a depiction of a wound site treated with degradable DEAE dextran at 14 
days post-wounding; 

Fig. 10 is a depiction of a control wound site at 21 days post-wounding; 

Fig. 1 1 is a depiction of a wound site treated with degradable DEAE dextran at 
21 days post-wounding; and 

Fig. 12 is a graphical depiction T)f a percent change in the tensile strength of the 
DEAE Sephadex treated wounds compared to the control at various days in the study; 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present method of reducing scar formation at a wound site includes 
contacting the wound site with an effective scar reducing amount of a cross-linked 
polysaccharide having a positive charge. The polysaccharide can be ionically or 
covalently cross-linked. Among the ionically cross-linked polysaccharides useful in 
preparing the present wound treatment compositions are alginic acid and pectic acid 
which complex with certain multivalent ions such as Ca ++ to provide ionic cross- 
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linking. Among the covalently cross-linked polysaccharides, dextran and modified 
alginates are preferred for use in the present method. Cross-linked dextran is available 
under the tradename SEPHADEX from Pharmacia Coip., (Piscataway, New Jersey). 
Modified, covalently cross-linked alginates can be prepared, for example, as described 
in PCT WO 93/09176 which is incorporated herein by reference. 

In a preferred embodiment, the cross-linked polysaccharide is biodegradable. 
Any known cross-linked biodedgradable polysaccharide which can be made to carry a 
positive charge is suitable herein. For example, biodegradable cross-linked dextrans 
such as those described in U.S. Patent Nos. 4,963,666 and 4,591,638 are suitable. A 
biodegradable oxidized cross-linked polysaccharide having a chemically induced 
positive charge such as that described in U.S. Patent No. 5,502,042, the contents of 
which are incorporated herein by reference, is especially preferred. 

Positive charges may be associated with cross-linked polysaccharides by any 
method known in the art. See, for example, U.S. Patent Nos. 4,988,358 and 5,092,883 
to Eppley et al. , the disclosures of which are incorporated herein by reference. In the 
case of oxidized cross-linked polysaccharide, positive chemical charge should be 
chemically induced on the polysaccharide, preferably prior to oxidation. For example, 
a positive charge can be provided on the polysaccharide by reaction with diethylamino 
ethyl chloride. Cross-linked dextran Having DEAE groups thereon is commercially 
available under the name DEAE-SEPHADEX from Pharmacia Corp., Piscataway, New 
Jersey. The charged, cross-linked polysaccharide is oxidized to cleave a portion of the 
monosaccharide units to provide groups terminating in carboxyl groups. 
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Specifically, for example, in a dextran, the group: 



— 0 




oxidizes to either of the following two structures, depending on the oxidizing agent 
employed and the oxidizing conditions: 





C— OH 

// 

o 
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The linkages of structures I and II above are unstable and render the cross- 
linked polysaccharide biodegradable. The rate of biodegradation can be controlled by 
controlling the oxidation conditions t(f regulate the amount of monosaccharide units 
within the polysaccharides that are converted to structures I and/or II. Preferably, the 
oxidized, crosslinked polysaccharide will not completely lose its integrity until at least 
two days after application to a wound site. 

Once prepared, the cross-linked positively charged polysaccharide can be 
applied directly to a wound site. When the wound is caused by traumatic and/or 
abrasive injury, the wound site is ordinarily debrided to remove extraneous material 
and reduce chance of infection. The positively charged polysaccharide is then applied 
to the wound site. In the case of surface wounds, the wound site containing the charged 
polysaccharide is then covered by bandage or other wound occluding devices known in 
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the art. If the wound runs deep into tissue, after application of the positively charged 
polysaccharide the wound may be closed by conventional surgical techniques such as 
suturing, stapling, etc. After sealing the wound site, the wound is allowed to heal 
while exhibiting markedly reduced scarring. Thus, for example, where DEAE- 
Sephadex has been oxidized, the beads can be sprinkled directly onto a wound site by 
sprinkling from a shaker or other container having one or more openings in its lid. 

Application of positively charged polysaccharide to a wound in accordance with 
the present disclosure reduces the activity of TGF-p. Without wishing to be bound by 
any particular theory, it appears as though scar reduction is effected, at least in part, by 
the reduction of TGF-P activity. See International App. No. PCT/GB92/00570. Thus, 
by application of an effective amount of positively charged polysaccharide to a locus 
having TGF-P activity, the activity of TGF-p is reduced. 

In particularly useful embodiments the cross-linked positively charged 
polysaccharide such as the oxidized cross-linked charged polysaccharide is mixed with 
a delivery vehicle to form a paste or fluid which can be applied to a wound. Any 
pharmaceutical^ acceptable biocompatible fluid can be used as the delivery vehicle. 
Where the delivery vehicle is based on water, saline or some other polar fluid, and the 
charged polysaccharide is biodegradable it may be necessary to take steps to avoid 
premature hydrolysis. For example, a"scar reducing wound treatment can be provided 
as two separate components, namely the dry components (including the polysaccharide) 
in one container and the fluid component of the delivery vehicle in another container. 
The contents of the two containers are mixed shortly (preferably less than one hour) 
before application to the wound site. As another example, after mixing the 
polysaccharide and a polar delivery vehicle, the composition can be frozen to avoid 
premature hydrolysis. The scar reducing wound treatment could be thawed shortly 
before application to a wound site. 

Alternatively, the polysaccharide can be mixed with a delivery vehicle based on 
a non-polar fluid. Suitable non-polar fluids include, mineral oil, non-ionic surfactants 
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liquid low molecular weight poly(ethylene oxide) and liquid low molecular weight 
poly (propylene oxide). 

The viscosity of the scar reducing cross-linked polysaccharide will determine the 
method of its application. Thus, for example, low viscosity compositions can be 
sprayed or poured onto a wound site. Compositions having a paste-like or gel-like 
viscosity can be applied to a wound site via spatula, syringe or from a tube. 

It may be desirable to package the scar reducing cross-linked polysaccharide in a 
manner which prevents contact of the material with water. Known water impervious 
packages can be used. Additionally, the atmosphere within the package can be replaced 
with a dry, inert gas. Alternatively, a desiccant can be placed within the package. 

The scar reducing cross-linked polysaccharide can be sterilized using any 
technique which does not expose biodegradable material to excessive conditions which 
may cause premature degradation. Accordingly, ethylene oxide or gamma radiation are 
preferred sterilization methods. 

The wound treatment composition including the positively charged 
polysaccharide may optionally include additives such as fillers, colorants or viscosity 
modifiers. The wound treatment composition may also include a film-forming 
component if desired. Additionally, wound treatment composition may include one or 
more medico-surgically useful substances or therapeutic agent, e.g., those which 
accelerate or beneficially modify the healing process when particles are applied to a 
surgical repair site. The therapeutic agent which will be deposited at the repair site. 
The therapeutic agent can be chosen for its antimicrobial properties, capability for 
promoting repair or reconstruction and/or new tissue growth. Antimicrobial agents 
such as broad spectrum antibiotic (gentamicin sulfate, erythromycin or VX 
glycopeptides) which are slowly released into the tissue can be applied in this manner to 
aid in combating clinical and sub-clinical infections in a tissue repair site. To promote 
repair and/or tissue growth, one or several growth promoting factors can be 
incorporated, e.g., fibroblast growth factor bone morphogenetic protein, epidermal 
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growth factor, platelet derived growth factor, macrophage derived growth factor, 
alveolar derived growth factor, monocyte derived growth factor, magainin, and so 
forth. Some therapeutic indications are: glycerol with tissue or kidney plasminogen 
activator to cause thrombosis, superoxide dimutase to scavenge tissue damaging free 
radicals, tumor necrosis factor for cancer therapy or colony stimulating factor and 
interferon, interleukin-2 or other lymphokine to enhance the immune system. It is also 
contemplated that the medico-surgically useful substance may enhance blood 
coagulation. Thrombin is one such substance. 

The scar reducing positively charged cross-linked polysaccharide may be 
applied to or incorporated in surgical devices for implantation into patients. For 
example, sutures can be coated or impregnated with scar reducing polysaccharides and 
then used to suture a wound. In the case of absorbable sutures, the presence of scar 
reducing polysaccharide minimiz es scar formation at the wound site as the suture is 
absorbed. Bandages and other occlusive devices can be precoated with scar reducing 
polysaccharides for convenient application to surface wounds. Prosthetic devices 
known in the art such as artificial hips may be coated or impregnated with scar reducing 
polysaccharides. Cosmetic implants such as maxillofacial implants (see, for example, 
U.S. Pat. Nos. 5,554,194 or 5,496,371) can be provided with a coating of or be 
impregnated with scar reducing polysaccharides to reduce scarring of surrounding 
tissue after implantation. 

The following non-limiting examples illustrative of the present disclosure. 

EXAMPL E 

Degradable DEAE Sephadex beads were suspended in a polyethylene glycol gel 
at a concentration of lOmg of beads per ml of PEG. The resulting composition was 
gamma sterilized and packaged in an aluminum tube. The composition was stored at 
room conditions until time of surgery. 
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275-350g male Sprague-Dawley rats were anesthetized and two parallel 6cm 
incisions were made, 1.5 cm either side of the spine. Wounds were closed with 
surgical staples (Multifire premium 35W, United States Surgical Corporation). 
Approximately 1 ml of composition was applied in one incision and saline was applied 
in the contralateral wound. At days 7, 10, 14, 21 and 28, the dorsal skin from ten rats 
were removed and 8mm strips perpendicular to the incision were excised, A total of 
three strips were taken from each wound. Matched-pair samples of experimental and 
. control wounds from each rat were placed immediately after harvest into 10% buffered 
Formalin and embedded in paraffin by routine methods. The wounds were sectioned 
perpendicular to the incision and stained with hematoxylin and eosin. 

There were 15 and 11 nodules in DEAE Sephadex treated samples at day 7 and 
day 10, respectively. The nodules were small localized bumps where excess material 
had accumulated. Such accumulation appeared to be the result of stapling on a loose 
skinned animal. These nodules subsided by day 14. At day 14, the treatment group 
was similar to the control group with no presence of nodules and this observation 
continued through day 28. 

In wounds with degradable DEAE Sephadex beads at day 7, the beads were 
found at the base of the wound. The beads were intact spheres staining deep red in 
color. Histologically there was a mild inflammatory response at day 7 composed 
primarily of macrophage. 

At days 10 and 14 the inflammation began to subside and the beads showed 
signs of mass loss, evidenced by the lack of deep red staining within the bead. 

By days 21 and 28 the inflammation had subsided and the wounds were very 
well healed. The beads were further degraded as shown by the lighter straining and the 
presence of few beads. Figures 2-11 show representative examples of the histological 
findings. 

As can be seen from Figs. 2 and 3, clear reduction in scarring resulted from 
treatment in accordance with the present disclosure. Figure 2 shows the control and 
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Fig. 3 the treated incisions 28 days post wounding. The control side shows a normal 
scar along the incision line. In the treated wound the incision line is not detectable. 

In addition, the maximum load tolerated by wound strips prior to breaking was 
measured with a Tensometer (Monsanto, St. Louis, MO). Measurements were not 
performed on wounds showing evidence of infection, excessive hemorrhage, or poor 
coaptation. Samples for histology were taken from the cephalic and caudate ends of 
each wound. 

The breaking strength for each wound was paired with its contralateral control 
and students paired t-tests were performed. 

Tables 1 through 5 show wound breaking strength data in Newtons, for each 
wound strip, at every harvested time point. The data are paired as cephalic, medial and 
caudate wounds, where agent C is the degradable DEAE Sephadex (test group) and is 
the saline (control group). 

Paired student t-tests show a significant difference in wound breaking strength 
between treated and control wounds at days 7, 10 and 14. The magnitude of the effect 
is 14.62%, 23.25% and 31.27% increases in wound breaking strength for the 
degradable DEAE Sephadex treated wounds at days 7, 10 and 14 respectively. At days 
21 and 28, there is no significant difference between treatment and control. These 
results are shown graphically in figure' 12. 

In this study a single application of degradable DEAE Sephadex at the time of 
wound closure was shown to increase wound strength at days 7, 10 and 14. However, 
wound breaking strength is equivalent for bead treated and control wounds beyond day 
17. Histology shows that the material is degradable and biocompatible. Degradable 
DEAE Sephadex applied to wounds at the time of wound closure is a safe procedure 
which is well tolerated by rats. 

Table 1 shows wound breaking strength data in Newtons for each DEAE 
Sephadex and control wound strip at day 7 post wounding. Table 2 shows wound 
breaking strength data in Newtons for each DEAE Sephadex and control wound strip at 
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day 10 post wounding. Table 3 shows wound breaking strength data in Newtons for each 
DEAE Sephadex and control wound strip at day 14 post wounding. Table 4 shows 
wound breaking strength data in Newtons for each DEAE Sephadex and control wound 
strip at day 21 post wounding. Table 5 shows wound breaking strength data in Newtons 
for each DEAE Sephadex- and control wound strip at day 28 post wounding. 

It will be understood that various modifications may be made to the 
embodiments disclosed herein. For example, the compositions in accordance with this 
disclosure can be blended with other biocompatible, bioabsorbable or non- 
bioabsorbable materials. Any manner of surgical device can incorporate the charged 
polysaccharide. Therefore, the above description should not be construed as limiting, 
but merely as exemplifications of preferred embodiments. Those skilled in art will 
envision other modifications within the scope and spirit of the claims appended hereto. 
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TABLE 2 
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TABLE 3 
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WHAT IS CLAIMED IS; 

1 . A method of reducing scar formation at a wound site comprising: 

providing a scar reducing amount of a cross-linked polysaccharide 
having a positive charge; and 

contacting the wound site with an effective scar reducing amount of the 
cross-linked polysaccharide having a positive charge and allowing the wound site to 
heal thereby reducing scar formation at the healing site. 

2. A method of reducing scar formation at a wound site according to claim 1 
wherein the polysaccharide is a cross-linked dextran. 

3. A method of reducing scar formation at a wound site according to claim 1 
wherein the polysaccharide is contained in a composition including a pharmaceutically 
acceptable vehicle. 

4. A method of reducing scar formation at a wound site according to claim 3 
wherein the composition is a powder. 

5. A method of reducing scar formation at a wound site according to claim 3 
wherein the composition is a gel. 

6. A method of reducing scar formation at a wound site according to claim 3 
wherein the composition is a non-polar fluid. 

7. A method of reducing scar formation at a wound site according to claim 1 
wherein the positive charge is provided by diethylaminoethyl moieties. 
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8. A method of reducing scar formation at a wound site according to claim 2 
wherein the cross-linked dextran is bioabsorbable. 

9. A method of reducing scar formation at a wound site according to claim 8 
wherein the cross-linked dextran is oxidized. 

10. A biocompatible surgical device comprising a structure adapted to 
contact living tissue, the structure having a scar reducing amount of a cross-linked 
polysaccharide having a positive charge. 

11. A biocompatible surgical device according to claim 10 wherein the 
structure is a prosthetic implant. 

12. A biocompatible surgical device according to claim 10 wherein the 
structure is a suture. 

13. A biocompatible surgical device according to claim 12 wherein the suture is 
bioabsorbable. 

14. A method of reducing the activity of TGF-P comprising applying an 
effective TGF-p activity reducing amount of a cross-linked polysaccharide having a 
positive charge to a locus having TGF-P activity. 

15. A method of reducing the activity of TGF-P according to claim 14 
wherein the polysaccharide is a cross-linked dextran. 
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16. A method of reducing scar formation at a wound site according to claim 
14 wherein the polysaccharide is contained in a composition including a 
pharmaceutical acceptable vehicle . 

17. A method of reducing scar formation at a wound site according to claim 

14 wherein the positive charge is provided by diethylaminoethyl moieties. 

18. A method of reducing scar formation at a wound site according to claim 

15 wherein the cross-linked dextran is bioabsorbable. 

19. A method of reducing scar formation at a wound site according to claim 
18 wherein the cross-linked dextran is oxidized. 

20. A method of increasing wound strength at a wound site for the first about 17 
days of healing comprising: 

providing a wound strengthening amount of a cross-linked 
polysaccharide having a positive charge; and 

contacting the wound site with an effective wound strengthening 
amount of the cross-linked polysaccharide having a positive charge and allowing the 
wound site to heal thereby strengthening the wound at the healing site. 
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SCAT* DEDUCTION 

PACKGROUNP 

1. TVphnical Field 

This disclosure relates to reduction of scars associated with healing tissue. 
More particularly, wounds are treated with an oxidized cross-linked polysaccharide 
having a chemically induced charge. 

2. Rarfc ground of Related Art 

Dextran is a polysaccharide which is produced from sucrose by bacteria 
belonging to the genera Timconostoc . Streptococcus and Lactobac i llus , all of which 
belong to the family T .actohacillaceae . The majority of known dextrans are formed by 
strains of T .euconostoc mesenteroides . A detailed discussion of dextran is provided in 
the Encyclopedia of Polymer Science and Engineering, Vol. 4, pp. 752 et seq. (1986) 
(John Wiley & Sons), hereby incorporated by reference. Dextran, in which 1 - 6 
linkages predominate, may be represented as follows: 




Certain dextran derivatives are well known. Dextran which is 
crosslinked with epichlorohydrin is described in U.S. Patent No. 3,042,667 and in 
British Patent No. 1,013,585 and is commercially available under the tradename 
SEPHADEX from Pharmacia Corp., Piscataway, New Jersey. Epichlorohydrin 
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(CH 2 0CHCH 2 C1) reacts with the pendant hydroxyl groups on dextran to form ether 
bound bridges between dextran chains. 

Various other derivatives of dextran are known. For example, see U.S. Pat. 
Nos. 4,963,666, (ester crosslinking), 4,591,638 (ester crosslinking), 2,988,455 
(oxidized), 4,370,476 (ferric hydroxide complexes), 4,339,360 (activated oxidized) and 
4,308,254 (oxidized support). 

Dextran has been employed in the treatment of wounds. For example, an 
insoluble hydrophilic cross-linked dextran polymer in powder form has been used for 
the debridement of wounds, i.e., the removal of foreign bodies, pus, exudates and 
irrevocably damaged and devitalized tissue from tissue wounds. This dextran polymer, 
which is formed by crosslinking dextran with epichlorohydrin, is applied to heavily 
exudating wounds, allowed to gel and then washed out. The crosslinked dextran, 
commercially known as DEBRISAN®, absorbs the exudates, including the components 
that tend to impede tissue repair. Consequently, this composition promotes wound 
healing by retarding eschar formation and by keeping lesions soft and pliable. 

Dextran derivatives have been used to promote hard tissue growth and repair 
and soft connective tissue growth and repair in mammals as described in U.S. Patent 
Nos. 4,988,358 and 5,092,883, respectively. In one aspect, SEPHADEX, a cross- 
linked dextran available from Pharmacia Corp., (Piscataway, NJ), linked with 
diethylaminoethyl (DEAE) functional groups as a basic anion exchanger is used for 
promoting soft tissue growth and repair by applying an effective quantity thereof to a 
site of tissue defect. The chemically induced surface charges promote soft connective 
tissue formation. In U.S. Patent No. 5,092,883, examples 4 and 5 indicate that 
positively charged DEAE-Sephadex beads are associated with stimulation effect on 
fibroblastic activity and that defects treated with the beads were filled with dense, 
highly cellular soft connective tissue. Wounds with positively charged beads are shown 
to be stronger than control wounds. There is, however, no recognition that scarring, 
which may typically be associated with healing wounds, can be reduced. 
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A scar is the mark left in the skin or an internal organ by new connective tissue 
that replaces tissue which has been injured by, e.g., burn, ulcer, abrasion, incision, etc. 
Scars may be viewed as unsightly defects which can result in psychological discomfort 
of people bearing such scars. As a result, the search for effective scar reducing 
measures has been ongoing. For example, as described in International Application 
No. PCT/GB92/00570, a composition for use in the treatment of wounds to inhibit scar 
tissue formation includes an activity-inhibiting amount of a growth factor neutralizing 
agent. It is therein indicated that TGF-P appears to be highly active in connection with 
organization of collagen leading to the formation of scar tissue. In accordance with 
PCT/GB92/00570, scar tissue formation is reduced by neutralizing TGF-P . 

SUMMARY 

A method of reducing scar formation at a wound site includes contacting the 
wound site with an effective scar reducing amount of a cross-linked polysaccharide 
having a positive charge and thereby reducing scar formation as the wound site heals. 
Such polysaccharide include bioabsorbable cross-linked dextrans or alginates. The 
positive charge may be provided by diethylaminoethyl (DEAE) moieties. The cross- 
linked polysaccharide can be applied to the wound site as a powder or bead. The cross- 
linked polysaccharide may also be contained in a composition including a 
pharmaceutical^ acceptable vehicle. Biocompatable surgical devices provided with an 
effective scar reducing amount of a cross-linked polysaccharide having a positive 
charge reduce scar formation at healing wound sites. 

A method of reducing the activity of the TGF-p includes applying an effective 
TGF-P activity reducing amount of a cross-linked polysaccharide having a positive 
change to a locus having TFG-P activity . 
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BR IE F DESCRI PTION OF THE DR AW I NGS 

Fig. 1 is a graphic depiction of wound breaking strength in terms of Newtons 
over time comparing effect of degradable DEAE dextran with a methycellulose control; 

Fig. 2 is a depiction of a control wound site at 28 days post-wounding; 

Fig. 3 is a depiction of a wound site treated with degradable DEAE dextran at 
28 days post- wounding; 

Fig. 4 is a depiction of a control wound site at 7 days post-wounding; 

Fig. 5 is a depiction of a wound site treated with degradable DEAE dextran at 7 
days post-wounding;. 

Fig. 6 is a depiction of a control wound site at 1 0 days post-wounding; 

Fig. 7 is a depiction of a wound site treated with degradable DEAE dextran at 10 
days post-wounding; 

Fig. 8 is a depiction of a control wound site at 14 days post-wounding; 

Fig. 9 is a depiction of a wound site treated with degradable DEAE dextran at 14 
days post-wounding; 

Fig. 10 is a depiction of a control wound site at 21 days post-wounding; 

Fig. 1 1 is a depiction of a wound site treated with degradable DEAE dextran at 
21 days post-wounding; and 

Fig. 12 is a graphical depiction vf a percent change in the tensile strength of the 
DEAE Sephadex treated wounds compared to the control at various days in the study; 

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present method of reducing scar formation at a wound site includes 
contacting the wound site with an effective scar reducing amount of a cross-linked 
polysaccharide having a positive charge. The polysaccharide can be ionically or 
covalently cross-linked. Among the ionically cross-linked polysaccharides useful in 
preparing the present wound treatment compositions are alginic acid and pectic acid 
which complex with certain multivalent ions such as Ca ++ to provide ionic cross- 



WO 00/51566 



PCT/USOO/05610 



linking. Among the covalently cross-linked polysaccharides, dextran and modified 
alginates are preferred for use in the present method. Cross-linked dextran is available 
under the tradename SEPHADEX from Pharmacia Corp., (Piscataway, New Jersey). 
Modified, covalently cross-linked alginates can be prepared, for example, as described 
in PCT WO 93/09176 which is incorporated herein by reference. 

In a preferred embodiment, the cross-linked polysaccharide is biodegradable. 
Any known cross-linked biodedgradable polysaccharide which can be made to carry a 
positive charge is suitable herein. For example, biodegradable cross-linked dextrans 
such as those described in U.S. Patent Nos. 4,963,666 and 4,591,638 are suitable. A 
biodegradable oxidized cross-linked polysaccharide having a chemically induced 
positive charge such as that described in U.S. Patent No. 5,502,042, the contents of 
which are incorporated herein by reference, is especially preferred. 

Positive charges may be associated with cross-linked polysaccharides by any 
method known in the art. See, for example, U.S. Patent Nos. 4,988,358 and 5,092,883 
to Eppley et al., the disclosures of which are incorporated herein by reference. In the 
case of oxidized cross-linked polysaccharide, positive chemical charge should be 
chemically induced on the polysaccharide, preferably prior to oxidation. For example, 
a positive charge can be provided on the polysaccharide by reaction with diethylamino 
ethyl chloride. Cross-linked dextran Having DEAE groups thereon is commercially 
available under the name DEAE-SEPHADEX from Pharmacia Corp., Piscataway, New 
Jersey. The charged, cross-linked polysaccharide is oxidized to cleave a portion of the 
monosaccharide units to provide groups terminating in carboxyl groups. 
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Specifically, for example, in a dextran, the group: 



— 0 




oxidizes to either of the following two structures, depending on the oxidizing agent 
employed and the oxidizing conditions: 



HO 





C— OH 

// 

o 



i n 

The linkages of structures I and II above are unstable and render the cross- 
linked polysaccharide biodegradable. The rate of biodegradation can be controlled by 
controlling the oxidation conditions ttf regulate the amount of monosaccharide units 
within the polysaccharides that are converted to structures I and/or II. Preferably, the 
oxidized, crosslinked polysaccharide will not completely lose its integrity until at least 
two days after application to a wound site. 

Once prepared, the cross-linked positively charged polysaccharide can be 
applied directly to a wound site. When the wound is caused by traumatic and/or 
abrasive injury, the wound site is ordinarily debrided to remove extraneous material 
and reduce chance of infection. The positively charged polysaccharide is then applied 
to the wound site. In the case of surface wounds, the wound site containing the charged 
polysaccharide is then covered by bandage or other wound occluding devices known in 
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the art. If the wound runs deep into tissue, after application of the positively charged 
polysaccharide the wound may be closed by conventional surgical techniques such as 
suturing, stapling, etc. After sealing the wound site, the wound is allowed to heal 
while exhibiting markedly reduced scarring. Thus, for example, where DEAE- 
Sephadex has been oxidized, the beads can be sprinkled directly onto a wound site by 
sprinkling from a shaker or other container having one or more openings in its lid. 

Application of positively charged polysaccharide to a wound in accordance with 
the present disclosure reduces the activity of TGF-p. Without wishing to be bound by 
any particular theory, it appears as though scar reduction is effected, at least in part, by 
the reduction of TGF-P activity. See International App. No. PCT/GB92/00570. Thus, 
by application of an effective amount of positively charged polysaccharide to a locus 
having TGF-P activity, the activity of TGF-p is reduced. 

In particularly useful embodiments the cross-linked positively charged 
polysaccharide such as the oxidized cross-linked charged polysaccharide is mixed with 
a delivery vehicle to form a paste or fluid which can be applied to a wound. Any 
pharmaceutically acceptable biocompatible fluid can be used as the delivery vehicle. 
Where the delivery vehicle is based on water, saline or some other polar fluid, and the 
charged polysaccharide is biodegradable it may be necessary to take steps to avoid 
premature hydrolysis. For example, a"scar reducing wound treatment can be provided 
as two separate components, namely the dry components (including the polysaccharide) 
in one container and the fluid component of the delivery vehicle in another container. 
The contents of the two containers are mixed shortly (preferably less than one hour) 
before application to the wound site. As another example, after mixing the 
polysaccharide and a polar delivery vehicle, the composition can be frozen to avoid 
premature hydrolysis. The scar reducing wound treatment could be thawed shortly 
before application to a wound site. 

Alternatively, the polysaccharide can be mixed with a delivery vehicle based on 
a non-polar fluid. Suitable non-polar fluids include, mineral oil, non-ionic surfactants 
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liquid low molecular weight poly(ethylene oxide) and liquid low molecular weight 
polypropylene oxide). 

The viscosity of the scar reducing cross-linked polysaccharide will determine the 
method of its application. Thus, for example, low viscosity compositions can be 
sprayed or poured onto a wound site. Compositions having a paste-like or gel-like 
viscosity can be applied to a wound site via spatula, syringe or from a tube. 

It may be desirable to package the scar reducing cross-linked polysaccharide in a 
manner which prevents contact of the material with water. Known water impervious 
packages can be used. Additionally, the atmosphere within the package can be replaced 
with a dry, inert gas. Alternatively, a desiccant can be placed within the package. 

The scar reducing cross-linked polysaccharide can be sterilized using any 
technique which does not expose biodegradable material to excessive conditions which 
may cause premature degradation. Accordingly, ethylene oxide or gamma radiation are 
preferred sterilization methods . 

The wound treatment composition including the positively charged 
polysaccharide may optionally include additives such as fillers, colorants or viscosity 
modifiers. The wound treatment composition may also include a film-forming 
component if desired. Additionally, wound treatment composition may include one or 
more medico-surgically useful substances or therapeutic agent, e.g., those which 
accelerate or beneficially modify the healing process when particles are applied to a 
surgical repair site. The therapeutic agent which will be deposited at the repair site. 
The therapeutic agent can be chosen for its antimicrobial properties, capability for 
promoting repair or reconstruction and/or new tissue growth. Antimicrobial agents 
such as broad spectrum antibiotic (gentamicin sulfate, erythromycin or VX 
glycopeptides) which are slowly released into the tissue can be applied in this manner to 
aid in combating clinical and sub-clinical infections in a tissue repair site. To promote 
repair and/or tissue growth, one or several growth promoting factors can be 
incorporated, e.g., fibroblast growth factor bone morphogenetic protein, epidermal 
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growth factor, platelet derived growth factor, macrophage derived growth factor, 
alveolar derived growth factor, monocyte derived growth factor, magainin, and so 
forth. Some therapeutic indications are: glycerol with tissue or kidney plasminogen 
activator to cause thrombosis, superoxide dimutase to scavenge tissue damaging free 
radicals, tumor necrosis factor for cancer therapy or colony stimulating factor and 
interferon, interleukin-2 or other lymphokine to enhance the immune system. It is also 
contemplated that the medico-surgically useful substance may enhance blood 
coagulation. Thrombin is one such substance. 

The scar reducing positively charged cross-linked polysaccharide may be 
applied to or incorporated in surgical devices for implantation into patients. For 
example, sutures can be coated or impregnated with scar reducing polysaccharides and 
then used to suture a wound. In the case of absorbable sutures, the presence of scar 
reducing polysaccharide minimizes scar formation at the wound site as the suture is 
absorbed. Bandages and other occlusive devices can be precoated with scar reducing 
polysaccharides for convenient application to surface wounds. Prosthetic devices 
known in the art such as artificial hips may be coated or impregnated with scar reducing 
polysaccharides. Cosmetic implants such as maxillofacial implants (see, for example, 
U.S. Pat. Nos. 5,554,194 or 5,496,371) can be provided with a coating of or be 
impregnated with scar reducing polysaccharides to reduce scarring of surrounding 
tissue after implantation. 

The following non-limiting examples illustrative of the present disclosure. 

EXAMELE 

Degradable DEAE Sephadex beads were suspended in a polyethylene glycol gel 
at a concentration of lOmg of beads per ml of PEG. The resulting composition was 
gamma sterilized and packaged in an aluminum tube. The composition was stored at 
room conditions until time of surgery. 
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275-350g male Sprague-Dawley rats were anesthetized and two parallel 6cm 
incisions were made, 1.5 cm either side of the spine. Wounds were closed with 
surgical staples (Multifire premium 35W, United States Surgical Corporation). 
Approximately 1 ml of composition was applied in one incision and saline was applied 
in the contralateral wound. At days 7, 10, 14, 21 and 28, the dorsal skin from ten rats 
were removed and 8mm strips perpendicular to the incision were excised. A total of 
three strips were taken from each wound. Matched-pair samples of experimental and 
control wounds from each rat were placed immediately after harvest into 10% buffered 
Formalin and embedded in paraffin by routine methods. The wounds were sectioned 
perpendicular to the incision and stained with hematoxylin and eosin. 

There were 15 and 11 nodules in DEAE Sephadex treated samples at day 7 and 
day 10, respectively. The nodules were small localized bumps where excess material 
had accumulated. Such accumulation appeared to be the result of stapling on a loose 
skinned animal. These nodules subsided by day 14. At day 14, the treatment group 
was similar to the control group with no presence of nodules and this observation 
continued through day 28. 

In wounds with degradable DEAE Sephadex beads at day 7, the beads were 
found at the base of the wound. The beads were intact spheres staining deep red in 
color. Histologically there was a mild inflammatory response at day 7 composed 
primarily of macrophage. 

At days 10 and 14 the inflammation began to subside and the beads showed 
signs of mass loss, evidenced by the lack of deep red staining within the bead. 

By days 21 and 28 the inflammation had subsided and the wounds were very 
well healed. The beads were further degraded as shown by the lighter straining and the 
presence of few beads. Figures 2-11 show representative examples of the histological 
findings. 

As can be seen from Figs. 2 and 3, clear reduction in scarring resulted from 
treatment in accordance with the present disclosure. Figure 2 shows the control and 
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Fig. 3 the treated incisions 28 days post wounding. The control side shows a normal 
scar along the incision line. In the treated wound the incision line is not detectable. 

In addition, the maximum load tolerated by wound strips prior to breaking was 
measured with a Tensometer (Monsanto, St. Louis, MO). Measurements were not 
performed on wounds showing evidence of infection, excessive hemorrhage, or poor 
coaptation. Samples for histology were taken from the cephalic and caudate ends of 
each wound. 

The breaking strength for each wound was paired with its contralateral control 
and students paired t-tests were performed. 

Tables 1 through 5 show wound breaking strength data in Newtons, for each 
wound strip, at every harvested time point. The data are paired as cephalic, medial and 
caudate wounds, where agent C is the degradable DEAE Sephadex (test group) and is 
the saline (control group). 

Paired student t-tests show a significant difference in wound breaking strength 
between treated and control wounds at days 7, 10 and 14. The magnitude of the effect 
is 14.62%, 23.25% and 31.27% increases in wound breaking strength for the 
degradable DEAE Sephadex treated wounds at days 7, 10 and 14 respectively. At days 
21 and 28, there is no significant difference between treatment and control. These 
results are shown graphically in figure" 12. 

In this study a single application of degradable DEAE Sephadex at the time of 
wound closure was shown to increase wound strength at days 7, 10 and 14. However, 
wound breaking strength is equivalent for bead treated and control wounds beyond day 
17. Histology shows that the material is degradable and biocompatible. Degradable 
DEAE Sephadex applied to wounds at the time of wound closure is a safe procedure 
which is well tolerated by rats. 

Table 1 shows wound breaking strength data in Newtons for each DEAE 
Sephadex and control wound strip at day 7 post wounding. Table 2 shows wound 
breaking strength data in Newtons for each DEAE Sephadex and control wound strip at 
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day 10 post wounding. Table 3 shows wound breaking strength data in Newtons for each 
DEAE Sephadex and control wound strip at day 14 post wounding. Table 4 shows 
wound breaking strength data in Newtons for each DEAE Sephadex and control wound 
strip at day 21 post wounding. Table 5 shows wound breaking strength data in Newtons 
for each DEAE Sephadex* and control wound strip at day 28 post wounding. 

It will be understood that various modifications may be made to the 
embodiments disclosed herein. For example, the compositions in accordance with this 
disclosure can be blended with other biocompatible, bioabsorbable or non- 
bioabsorbable materials. Any manner of surgical device can incorporate the charged 
polysaccharide. Therefore, the above description should not be construed as limiting, 
but merely as exemplifications of preferred embodiments. Those skilled in art will 
envision other modifications within the scope and spirit of the claims appended hereto. 
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TABLE 2 
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TABLE 5 
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WHAT IS C L AI M ED IS; 

1 . A method of reducing scar formation at a wound site comprising: 

providing a scar reducing amount of a cross-linked polysaccharide 
having a positive charge; and 

contacting the wound site with an effective scar reducing amount of the 
cross-linked polysaccharide having a positive charge and allowing the wound site to 
heal thereby reducing scar formation at the healing site. 

2. A method of reducing scar formation at a wound site according to claim 1 
wherein the polysaccharide is a cross-linked dextran. 

3. A method of reducing scar formation at a wound site according to claim 1 
wherein the polysaccharide is contained in a composition including a pharmaceutically 
acceptable vehicle. 

4. A method of reducing scar formation at a wound site according to claim 3 
wherein the composition is a powder. 

5. A method of reducing scar formation at a wound site according to claim 3 
wherein the composition is a gel. 

6. A method of reducing scar formation at a wound site according to claim 3 
wherein the composition is a non-polar fluid. 

7. A method of reducing scar formation at a wound site according to claim 1 
wherein the positive charge is provided by diethylaminoethyl moieties. 
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8. A method of reducing scar formation at a wound site according to claim 2 
wherein the cross-linked dextran is bioabsorbable. 

9. A method of reducing scar formation at a wound site according to claim 8 
wherein the cross-linked dextran is oxidized. 

10. A biocompatible surgical device comprising a structure adapted to 
contact living tissue, the structure having a scar reducing amount of a cross-linked 
polysaccharide having a positive charge. 

11. A biocompatible surgical device according to claim 10 wherein the 
structure is a prosthetic implant. 

12. A biocompatible surgical device according to claim 10 wherein the 
structure is a suture. 

13. A biocompatible surgical device according to claim 12 wherein the suture is 
bioabsorbable. 

14. A method of reducing the activity of TGF-P comprising applying an 
effective TGF-p activity reducing amount of a cross-linked polysaccharide having a 
positive charge to a locus having TGF-P activity. 

15. A method of reducing the activity of TGF-p according to claim 14 
wherein the polysaccharide is a cross-linked dextran. 
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16. A method of reducing scar formation at a wound site according to claim 
14 wherein the polysaccharide is contained in a composition including a 
pharmaceutical^ acceptable vehicle. 

17. A method of reducing scar formation at a wound site according to claim 

14 wherein the positive charge is provided by diethylaminoethyl moieties. 

18. A method of reducing scar formation at a wound site according to claim 

15 wherein the cross-linked dextran is bioabsorbable. 

19. A method of reducing scar formation at a wound site according to claim 
18 wherein the cross-linked dextran is oxidized. 

20. A method of increasing wound strength at a wound site for the first about 17 
days of healing comprising: 

providing a wound strengthening amount of a cross-linked 
polysaccharide having a positive charge; and 

contacting the wound site with an effective wound strengthening 
amount of the cross-linked polysaccharide having a positive charge and allowing the 
wound site to heal thereby strengthening the wound at the healing site. 
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